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(54) Novel fine particulate synthetic chaicoalumite compounds, process for their production, and 
heat insulator and agricultural film containing the fine particulate synthetic chaicoalumite 
compounds 

(57) Novel, fine particulate synthetic chaicoalumite, 
process for preparation thereof, and a heat insulating 
agent and agricultural film containing said fine, particu- 
late synthetic chaicoalumite. 

The above objects are met by synthetic chaicoalu- 
mite represented by formula (1) below: 

(Mi2-)a-x(M2^^)xAI^*4(OH)b(A"-)c • mHgO (1) 

(in which M stands for Zr?* or Cu^*. 

M2^'^ is at least one divalent metal ion selected from 

Ni Co2*. Cu2+, Zn2+ and Mg^^. 

a is 0.3 < a < 2.0 (with the proviso that Mf and 

are not the same). 

X isO ^ X < 1.0, 

bis 10<b < 14, 

A"" is at least one selected from 804^*. HPO^^\ 
CO32-. SO32-. HPO32-. NO3-. H2PO4 . Cr. OH- and 
silicic ion, 

c is 0.4 < c < 2.0 and 
m is 0-4). 

which has an average secondary particle diameter of 
not more than about 3 urn and a BET specific surface 
area of not more than about 30 m^/g; resin composi- 
tions containing the same; and agricultural film com- 
posed of said resin compositions. 
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Description 

Detailed Description of the invention 

5 Industrially ap olicable field 

[0001] This invention relates to novel, fine particulate synthetic chalcoalumite compounds, process for their produc- 
tion, and heat insulator and agricultural film containing the fine particulate synthetic chalcoalumite compounds. The 
invention also relates to inorganic heat insulator which can impart to agricultural film excellent heat insulating property. 
10 ultraviolet and visble light transmission, mechanical strength and elongation, agricultural film containing the heat insu- 
lator, and processes for production thereof. More specifically, the invention relates to synthetic chalcoalumite com- 
pounds having average secondary particle diameter of not more than about 3 ^m and BET specific surface area of not 
more than about 30 m^/g and/or the same synthetic chalcoalumite compounds which are surface treated; resin compo- 
sitions containing them; and agricultural film provided by processing the resin compositions Into film structure. 

15 

Prior art 

[0002] Agricultural films have been widely used for greenhouse cultivation or tunnel cultivation of agricultural products. 
Those agricultural films are required to concurrently exhibit transmittance and heat insulating property. That is, temper- 
20 atures within a greenhouse or tunnel which are raised by the daytime sunbeams rapidly drop in night, in particular, fine 
weather night, due to radiational cooling. Such rapid temperature drop inside a greenhouse or tunnel incurs adverse 
effect on growth of crops. 

[0003] For preventing such rapid temperature drop inside a greenhouse or tunnel, used is heat insulating film formed 
of a resin in which a material having infrared-absorbing ability, i.e.. a heat insulator such as. for example, silica, silicate; 
25 hydroxide, oxide, aluminate, borate or sulfate of lithium, calcium, magnesium or aluminium; or a hydrotalcite compound, 
is blended. 

[0004] We have earlier discovered that natural chalcoalumite compounds or those synthetic chalcoalumite com- 
pounds which are disclosed in Japanese Patent Kbkai No. 131 1/98 A have refractive indices dose to those of thermo- 
plastic resins used for agricultural film in general and exhibit excellent infrared absorbing ability over the broad infrared 

30 region of about 2.5-25 pm ; and hence are useful as inorganic heat insulators. However, natural chalcoalumite com- 
pounds are not uniform in their particle diameters because o1 their natural origin, have large partide sizes and are dif- 
ficult of acquisition. Also those synesth^ic chalcoalumite compounds disdosed in Kokai 1 31 1/98 A have targe average 
secondary partide diameters and large BET specific surface area. Hence, when those natural or synthetic chalcoalu- 
mite compounds are blended in the film, they exhibit very poor dispersibility and develop white blisters, whereby impair- 

35 ing appearance of the film product and reducing its infrared absorbing ability, visitale light transmission, mechanical 
strength and elongation. Thus, the compounds cannot be used as heat insulators for agricultural film. 

[Problems to be solved by the invention] 

40 [0005] The object of the present invention is to provide a heat insulator which exhibits good dispersibility in thermo- 
plastic resins useful for agricultural film and hence does not form white blisters in film made from said resins, excells in 
infrared absorbing ability and ultraviolet and visible light transmission, and causes no reduction in mechanical strength 
and elongation of the film and the film containing said heat insulator. 

45 [Means to solve the problems] 

[0006] We have engaged in concentrative studies keeping the above problems in mind, to discover that agricultural 
film free of white blisters and free of reduction in infrared absorbing ability, ultraviolet and visible light transmission, 
mechanical strength and elongation could be provided by using synthetic chalcoalumite compound represented by tiie 
so formula (1) below: 

(Mi2+)a.x(M2^*)xA|3%(OH)b(A"-)c • mHgO (1) 

(in which M^^* stands for Zn^"^ or Cu^^. 
55 M2^* is at least one of divalent metal ion selected from Ni^*. Co^*. Cu^"*^. Zn^* and Mg^*. 
a is 0.3 < a < 2.0 (provided and M2 are not tiie same), 
xis 0 ^x < 1.0. 
bis 10 <b < 14, 
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A"- is at least one selected from SO/'. HPO42-, COa^:. SOs^". HPOa^', NOg, HaPO^. Cr. OH" and silicate ion. 
c is 0.4 < c < 2,0 and 
m Is 0-4), 

5 which has an average secondary particle diameter of not more than about 3 jim and a BET specific surface area of not 
more than about 30 m^/g; and/or the same synthetic chalcoalumite connpound which has been surface treated, as the 
heat insulator in said agricultural film. 

[0007] Such synthetic chalcoalumite compound having an average secondary partide diameter not more than about 
3 ^im and BET specific surface area of not more than about 30 m ^/g can be prepared by a process comprising copre- 

10 cipitating a water-soluble aluminium salt; a Zn and/or Cu compound which Is water-soluble in the pH range of from 
about 4 to about 7, and if necessary one or more compounds of at least an element selected from Ni, Co and Mg which 
are water-soluble in the pH range of from about 4 to about 7. at a pH of from about 4 to about 7 and a temperature within 
a range of from about 1 0 to about 50°C; filtering the coprecipitate. washing it with water and subjecting the so washed 
product to hydrothermal reaction In an aqueous solution of sulfuric acid salt of at least one element selected from Zn, 

15 Cu, Ni and Co at a concentration of at least 0.02 mol/liter, at temperatures ranging from about 80 to 1 70**C. 

[Embodiments of the invention] 

[0008] This invention relates to synthetic chalcoalumite compounds having an average secondary particle diameter 

20 of not more than about 3 \im and BET specific surface area of not more than about 30 m^/g. which are represented by 
„ the formula (1) and can be prepared by the following process. 

[0009] The process comprises the steps of coprecipitating a water-soluble aluminium salt; a Zn and/or Cu compound 
which is water-soluble in the pH range of from about 4 to about 7; and if necessary one or nnore compounds of at least 
an element selected from Ni, Co and Mg which are water-soluble in the pH range of from about 4 to about 7, at a pH of 

25 from about 4 to about 7 and at temperatures ranging from about 1 0° to 50°C, preferably from about 20 to 40'*C; filtering 
the coprecipitate and washing It with water; and then subjecting the washed product to hydrothermal reaction in an 
aqueous solution of sulfuric acid salt of at least one element selected from Zn. Ni. Cu and Co at a concentration of at 
least 0.02 mol/liter. preferably ranging from about 0.02 to 1 mol/liter. inter alia, from about 0.05 to 0.5 mol/liter. at tem- 
peratures ranging from about 80** to 170*'C, preferably from about 100° to 150**C. 

30 [0010] The characteristic feature of the synthesizing process of this invention lies in subjecting the coprecipitate 
obtained through the coprecipitation reaction which is recovered by filtration and washed with water, to the hydrother- 
mal reaction in an aqueous solution of a sulfuric add salt of at least an element selected from Zn, Cu. Ni and Co at a 
concentration of at least about 0.02 mol/liter. preferably about 0.02-1 md/Iiter. inter aHa, about 0.05-0.5 mol/liter. When 
this method is used, the intended fine particulate, highly dispersible synthetic chalcoalumite compounds can be 

35 obtained because nearly no unnecessary ion is present at the time of crystal growth in the hydrothermal reaction. 
[0011] Examples of starting materials for preparing the synthetic chalcoalumite compounds of the invention; i.e., 
water-soluble aluminium salt and Zn, Cu, Ni, Co and Mg compounds which are water-soluble in the pH range of from 
about 4 to 7 include: 

40 aluminium compounds such as aluminium chloride, aluminium sulfate, aluminium nitrate and sodium aluminate; 

zinc compounds such as zinc chloride, zinc nitrate, zinc sulfate, zinc acetate and zinc oxide; 

copper compounds such as copper chloride, copper sulfate, copper nitrate and copper acetate; 

nickel compounds such as nickel chloride, nickel sulfate, nickel nrtrate and nickel acetate: 

cobalt compounds such as cobalt chloride, cobalt sulfate, cobalt nitrate and cobalt acetate; and 
45 magnesium compounds such as magnesium chloride, magnesium sulfate, magnesium nitrate and magnesium 

acetate, and furthermore magnesium oxide and hydroxide. 

[0012] Crystalline chalcoalumite compound is formed when the coprecipitation reaction is conducted at an atomic 
ratio of the divalent metal ions l{M^^^)a-x(^2^^)x referring to the formula (1)] to trivalent aluminium ion Al^^, ((Mi2+)^. 
50 x(M2^"^)x'AI^+. within a range of 0.075-0.50. In particular, when the reaction is conducted at the atomic ratio in the range 
of 0.15-0.37, chalcoalumite of very favorable crystalline growth is formed. The preferred atomic ratio of M^^* (Zn or Cu) 
to Mg^"^ (Ni. Co. Mg) is in the range of 0 ^ Ms^'^/Mi^* < 0.5. 

[001 3] Examples of alkali compound to be used for adjusting pH of the copredpitation reaction system to from about 
4 to about 7 include sodium hydroxide, potassium hydroxide, sodium carbonate, potassium carbonate, aqueous ammo- 
55 nia. ammonia gas, magnesium oxide, magnesium hydroxide, basic magnesium carbonate, zinc oxide, calcium hydrox- 
ide and the like. These alkali compounds are normally used in an amount of 0.90-1.1 equivalents to the sum of the 
divalent metal ions and Al ions. 

[0014] For obtaining a synthetic chalcoalumite compound of the present invention having an average secondary par- 
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tide diameter of not more than about 3 ^im and a BET specific surface area of not more than 30 nri^/g. it is necessary 
to subject the copredpitate formed upon the reaction, which has a composition following within the range specified by 
the formula (1), at a pH of from about 4-7 and then recovered by filtration and washed with water, to a hydrothermal 
reaction in an aqueous solution of one or more sulfuric acid salts of at least one element selected from Zn. Ni. Cu and 

5 Co at a concentration of at least 0.02 mol/liter. preferably 0.02-1 mol/liter. inter alia 0.05-0.5 moi/liter. at temperatures in 
the range of about 80-1 70''C. preferably about 1 00-1 50*^0. At the sulfuric acid salt concentration less than 0.02 mol/ltter 
or in aqueous solution of a salt other than sulfate, such as chloride, nitrate or acetate, the fine particulate synthetic chal- 
coalumite compounds of high disperslbility having an average secondary partide diameter of not more than about 3 \xm 
and a BET specific surface area of not more than 30 m ^/g as intended by the present invention cannot be obtained. 

10 [001 51 Furthermore, when production off such chalooalumite compounds of formula (1 ) in which the anion (A is not 
S04^" or consists not exclusively of S04^' but contains another anion is intended, it can be readily accomplished by first 
preparing a synthetic chalcoalumite compound of the formula (1) in which all anions (A " ) are S04^ , having an average 
secondary particle diameter of not more than about 3 nm and a BET specific surface area of not more than about 30 
rrP/g, and then substituting all or a part of the S04^' by an anion selected from HP04^", COa^". SO^^', HPOa^*, NOa', 

15 H2PO4-. Cr. OH" and silicate ions. As silicate ions, for example. SiOa^-. Si04*-. 812052-. 81207^. SiaOs^ and 8140^1®" 
may be named, while there are many of those having different degrees of polymerization of silicic acid. The substitution 
reaction is conducted by adding the chalcoalumite compound of the formula (1) in which (A is 804^' to an aqueous 
solution of salt of one off these anions, alkali metal hydroxide or the like at temperatures in the range of about 20-80*'C. 
followed by agitation for several minutes to about an hour. In this case, the amount of the salt off anion or alkali metal 

20 hydroxide is such that the equivalent number of said anion to Al atoms in the formula (1) is 0.5 to 1 .0. 

[0016] The synthetic chalcoalumite compounds having the composition of formula (1) can be identified by means of 
compositional analysis and powder X-ray diffraction (XRD) method. Based on JCPDS (Joint Committee On Powder Dif- 
fraction Standards) card, main lour lattice spacings (dA) are shown in Table 1 below. 



TABLE 1 



Chalcoalumite com- 
pound 


JCPDS Card No. 


Lattice spacing [d(A)] 


Chemical formula 


Chalcoalumite 


25-1430 


8.50X, 4.259 4.1 83, 7.9O2 


CuAl4S04(OH)i2 • 3H2O 


Chalcoalumite 


8-142 


8.92X, 8.29X 4.24x. 4369 


CuAl4S04(OH)i2-3H20 


Mbobomkulite 


35-696 


8.55X. 4.274 7.872. 4.552 


(Ni.Cu)Al4[(N03)2{S04)](0H)i2 • SHgO 


Nickelalumite 


35-698 


8.54X. 4.27X 7.882. 2.OO2 


(NI.Cu)Al4[(N03)(S04)](OH)i2 • 3H2O 



[0017] Each of the products obtained by the production process off the present invention as in the later-appearing 
working examples was given a powder X-ray diffraction analysis and was identified to be a chalcoalumite compound by 
collating the lattice spadng between diffraction sites in the resulting diffraction chart with those on JCPDS card. 
40 [0018] The syrthetic chalcoalumite compounds of tiie invention form stperlattice structure based on AI(OH) 3 (glbb- 
site) structure and a diffraction line corresponding to the lattice plane (300) of the compound is detected in the vicinity 
of 2e(Cu K^-ray) = 62.4 to 62.6*' by the XRD method. This is a diffraction line t>ased on the regular conf iguralion of the 
Al atom of the above gibbsite structure. 

[001 9] The synthetic chalcoalumite compounds of the present invention have an average secondary particle diameter 
45 off not more than about 3 \ixn and BET specific surface area of not more than about 30 m^/g. and exhibit good dispers- 
ibility when blended into the resins as they are. Whereas, with the view to further improve their conpatibility with the 
resins and processabllity, they may be surface-treated with at least one member of the group condsting of higher fatty 
acids; anionic surfactants; phosphoric acid esters; silane-, titanate- and aluminum-containing coupling agents; and fatty 
acid esters of polyhydric alcohols. 
so [0020] Specific exannples of preferred surface-treating agents are as follows: higher fatty adds such as stearic add. 
oleic acid, erudc acid, palmitic add and lauric add and alkali metal salts off these higher fatty adds; anionic surfactants 
such as sulfate esters of higher alcohols, eg., stearyl alcohol and oleyl alcohol, sulfate ester salts of polyetiiylene glycol 
ethers, amide bond sulfate ester salts, ether bond sulfonate salts, ester bond sulfonates, amide bond alkylallylsulfonate 
salts and ether bond alkylallylsulfonate salts; phosphoric acid esters such as add or alkali metal salts or amine salts. 
55 which are mono- or di esters between orthophosphoric add and oleyl alcohol, stearyl alcohol or tiie like, or mixtures of 
these esters: silane coupling agents such as vinyl ethoxysilane. y-methacryloxypropyltrimethoxysilane viny1-tris(2-meth- 
oxyetiioxy)silane and y-aminopropyltrimethoxysilane; titanate coupling agents such as isopropyl triisostearoyl titanate. 
isopropyl tris(dioctyipyrophosphate) titanate and isopropyl tridecybenzenesulfonyl titanate; and aluminum coupling 
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agents such as acetalkoxyaluminum diisopropyiate. etc. 

[0021] As methods of the surface treatment, there are wet method and dry method. In the wet method, a surface- 
treating agent as named above in liquid or emulsion state is added to slurry of the synthetic chalcoaiumite compound, 
and sufficiently mixed under stirring at a temperature up to about 100*^0. In the dry method, powder of the synthetic 
5 chalcoaiumite compound is put in a mixer such as a Henschel mixer, to which the surface-treating agent in liquid, emul- 
sion or solid state is added and sufficiently mixed with or without heating. Preferably, the surface-treating agent is used 
in an amount of about 0.1 to about 15 % by weight of the synthetic chalcoaiumite compound. 

[0022] As examples of thermoplastic resins which are used for agricultural film according to the invention, polyolefin 
resins, chlorine-containing resins, polyester resins, acrylic resins and fluorine-containing resins can be named. Specific 

10 examples of the polyolefin resins include homopolymers of a-olefins such as low-density, high-density or straight chain 
polyethylene and polypropylene; a-olefin copolymers such as ethylene-propylene copolymers, ethy!ene-butene-1 
copolymers, ethylene-4-methyl-1 -pentene copolymers, ethylene-hexene copolymers and ethylene-octene copolymers: 
and copolymers of a-olefins with monomers other than a-olefins. whose main component is the a-olefins. such as eth- 
ylene-vinyl acetate copolymers, ethylene-acrylate copolymers, ethylene-methyl methacrylate copolymers, ethylene- 

15 vinyl acetate-methyl methacrylate copolymers and ionomer resins. As the catalyst to be used in synthesizing these 
polyolefinic resins, for example, Ziegler-Natta-type catalyst, Cr-containing catalyst and singlesite (metallocene) type 
catalyst may be named. Their synthesis method is not critical, but any of solution methods or vapor phase methods 
under high pressure, reduced pressure or normal pressure may be used. Examples of chlorine-containing resins 
include polyvinyl chloride, chlorinated polyvinyl chloride, polyvinylidene chloride, chlorinated polyethylene, vinyl chlo- 

20 ride-vinyl acetate copolymers, vinyl chloride-ethylene copolymers, vinyl chloride-styrene copolymers, vinyl chlorlde-iso- 
butylene copolymers, vinyl chloride-butadiene copolymers, vinyl chloride-isoprene copolymers, vinyl chloride- 
chlorinated propylene copolymers, vinyl chloride-maleate copolymers, vinyl chloride-methacrylate copolymers, vinyl 
chloride-acrylonitrlle copolymers, vinyl chloride-styrene-maleic anhydride copolymers, vinyl chloride-styrene-acryloni- 
trile copolymers, vinyl chloride-vinylidene chloride-vinyl acetate copolymers and vinyl chloride-various vinyl ether copol- 

25 ymers. Examples of polyester resins include polyethylene terephthalate, bulybutylene terephthalate. polybutylene 
naphthalate and polyether polyesters; and those of fluorine-containing resins include polytetrafluoroethylene arxl the 
like. Those resins can be used either singly or as a mixture of two or more of them. 

[0023] TTie agricultural film according to the present invention may furthermore contain various additives customary 
in this technology Examples of such additives include light stabilizer, antlhazing agent, antifogging agent, antioxidant, 

30 ultraviolet absorber, plasticizing agent, antistatic agent, lubricant, heat stabilizer, fluorescent agent, antiblocking agent, 
pigment, dyestuff. antibacterial agent, antimolding agent, parting agent, plate out-preventing agent and processing 
aids. They may be concunrently used with other infrared absorbing agent. By the concurrent use of these various addi- 
tives, agricultural film excelling in weatherability. anti-haze property, antifogging property, dust resistance, water repel- 
lence, toughness, resistance to agricultural chemicals and to acid precipitation, heat resistance, antibleaching property 

35 antibacterial and antifungicidal properties, stretching processability and resistance of degradation of the resins caused 
by various additives, as well as in durability of those favorable properties is obtained. 

[0024] As the light stabilizers, for example, hindered amine compounds, cresols. mefamines and benzoic acid may be 
named, hindered amine compounds being frequently used in general. More specifically, 2,2,6.6-tetraalkylpiperidine 
derivatives having a molecular weight not less than 250 and a substituent on 4-position are preferably used, examples 
40 of said 4-substituent Including carboxylic acid groups, alkoxy groups and alkylamino groups. TTieir N-position may be 
substituted with an alkyi group. As specific examples of such hindered amine compounds, compounds of formulae (a)- 
(t) below and hindered amine-containing stabilizers such as Ciba Geigy's TINUVIN 492 and 494 may be named. 
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[0025] Such light stabilizers as above may be used singly or in combination of more than one. the amount of use being 

0.02-5% by weight, preferably 0.1-2% by weight, to the thermoplastic resin. 

[0026] As antihazing agent, nonionic. anionic or cationic surfactants may be used, examples of which including poly- 
oxyalkylene ethers, esters or partial esters of polyhydric alcohols, .esters or partial esters of alkylene oxide adducts of 
55 polyhydric alcohols, higher alcohol sulfuric acid ester alkali metal salts. alkylarylsuHbnates. quaternary ammonium salts 
and aliphatic amine derivatives. Specifically, poiyoxyethylene laurate, polyoxyethylene stearyl ether, polyoxyethyfene 
nonyl phenyl ether, polyethylene glycol rrxjnopalmitate. polyethylene glycol monostearate. polyoxyethylene sorbitan 
monolaurate. polyoxyethylene sorbitan monopalmitate; esters or partial esters of polyhydric alcohols such as glycerine. 
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pentaerythritol. sorbitol, diglycerine and triglycerine with aliphatic carboxylic acids such as lauric acid, palmitic acid, 
stearic acid and oleic acid; sodium lauryl. sulfate, sodium dodecylbenzenesulfonate, sodium butylnaphthalenesulfonate, 
cetyltrimethylammonium chloride, alkyldimethylbenzylammonium chloride, dodecylamine hydrochloride, lauric acid lau- 
ryiamidoethyl phosphate, triethylcetylammonium iodide, oleylaminodiethyl aminate and basic pyridinium salt of 
5 dodecylpyrkJinium sulfate may be named. Use rate of such antihazing agent is 0.2-5% by weight, preferably 0.5-3% by 
weight, to the thermoplastic resin. Those antihazing agents as named above can be used either singly or in combination 
of two or more. 

[0027] As antifogging agent, for example, fluorine compounds containing perfluoroalkyi groups or ©-hydrofluoroalkyi 
groups (fluorine-containing surfactants) and silicon compounds having alkylsiloxane groups (silicon-containing sur- 
10 factants) may be used. Use rate of such antifogging agent Is 0.01-5% by weight, preferably 0.02-2% by weight, to the 
thermoplastic resin. Those antifogging agents as named above can be used either singly or in combination of two or- 
more. 

[0028] As antioxidant, phenol-, phosphorus-, sulfur- or hydroxyamlne-containing antioxidants can be used. Those plp- 
eridine-containing compounds as named among the useful light stabilizers can also be used. Specific examples of phe- 

75 nolic antioxidants include phenols such as 2.6-di-tert-butyI-p-cresol. slearyl^(3,5-dlmethyl-4- 
hydroxybenzyl)thioglycolate. stearyl-p-(4-hydroxy-3.5-di-tert-butylphenyl)propionate. distearyl-3,5-di-tert-butyl-4- 
hydroxybenzylphosfonate, 2.4.6-tris{3',5'-di-tert-butyl-4'-hydroxybenzylthio)-1,3,5-triazine, distearyl(4-hydroxy-3- 
methyl-5-tert-butyl)benzylmalonate, 2,2'-methylene-bis(4-methyl-6-tert-t)ulylphenol). 4,4'-methylenebis(2,6-di-tert- 
butylphenot), 2.2'-methylene-bis[6-(1 -methylcyclohexyl)p-cresol], bis[3.5-bis{4-hydroxy-3-tert-butylphenyi)butyric acid] 

20 glycol ester. 4.4'-butylidenebis(6-tert-butyl-m-cresol). 2,2-ethylidenebis(4.6-di-tert-butylphenol), 1,1.3-tris{2-methyl-4- 
hydroxy-5-tert-butyiphenyl)butane. bis[2-tert-butyi-4-methyl-6-(2-hydroxy-3-tert-butyl-5-methylbenzyl)phenyOtereph- 
thalate. 1 .3.5-tris(2.6-dimethyl-3-hydroxy-4-tert-butyl)benzylisocyanurate. 1 .3,5-tris(3.5-di-tert-butyl-4-hydroxybenzyl)- 
2.4,6-trimethylbenzene. 2,6-diphenyl-4-octadecyloxyphenol. tetraquis[methylene-3-(3.5<Je-tert-butyl-4-hydroxyphe- 
nyl)propionate]methane, 1.3.5-tris-(3.5-di-tert-butyl-4-hydroxybenzyl)isocyanurale. 1.3,5^tris[(3.5-di-tert-butyl-4- 

25 hydroxyphenyOpropionyloxyethyQisocyanurate. 2-octyl-4.6<Ji(4-hydroxy-3.5-di-tert-butyl)phenoxy-1,3,5-triazine and 
4,4'-thiobis(6-tert-butyl-m-cresol; and polyhydric phenol -carbonic acid oligoesters such as carbonic acid oligoesters of 
4.4*-butylidenebis(2-tert-butyl-5-methylphenol) (eg., those of polymerization degrees of 2. 3. 4. 5. 6. 7. 8. 9 and 10). 
[0029] Specific examples of phosphorus-containing antioxidants include triaryl phosphites such as triphenyl phos- 
phite. tris(nonylphenyl)phosphite. tris(p-nonylphenyl)phosphite. tris(p-phenylphenyl)phosphite. tris(o-dicyclohexylphe- 

30 nyl)phosphite. tri(monononyl/di-nonyl-phenyl)phosphite. phenyl-p-nonylphenyl phosphite. tris(2,4<Ji-tert- 
butylphenyl)phosphite and trisI2-tert-butyl-4-(3-tert-butyl-4-hyclroxy-5-methylphenylthio)5-methylphenyllphosphite; 
alkylaryl phosphites such as mono-octyldi-phenytphosphite. di-octyl-monophenylphosphite. di-decyl-monophenylphos- 
phite and mono-decyl-phenylphenylphosphite; trialkyi phosphites such as tributyl phosphite, trioctyl phosphite, tridecyl 
phosphite, trilauryl phosphite and trioleyl phosphite: and organophosphoriq antioxidants and metal salt compounds of 

35 organophosphoric acid containing alkyl. aryl or alkylaryl groups or ester linkages, such as di(tridecyl)-pentaerythritol 
diphosphite, distearyl-pentaerythrttol diphc^hite, di(nonylphenyl)pentaerythriol diphosphite. bis(2,4-di-tert-butylphe- 
nyl)pentaerythritoI diphosphite. bis(2,6-di-tert-butyl-4-methylphenyl)pentaerythritoI diphosphite, tetra(tridecyl)isopro- 
pylidenediphenol diphosphite, hexa(tridecyl)-1 . 1 .3-tris(2-methyl-4-hydroxy-5-tert-butylphenyl)butane triphosphite, 
tetraquis(2,4-di-tert-butylphenyl)biphenylene diphosphonite and 2,2'-methylenebis(4.6-di-tert-butylphenyl) (octyl)phos- 

40 phite. 

[0030] Examples of sulfur-containing antioxidants include dialkylthiodipropionates such as diiauryl- and distearly-thi- 
odipropionates and esters of alkylthiopropionic acids (such as butyl-, octyl-, lauryl- and stearyl-) and polyhydric alcohols 
(such as glycerine, trimethylolethane, trimethylolpropane. pentaerythritol, trishydroxyethyl isocyanurate). As specific 
examples, dilaurylthiodipropionate, distearylthiodipropionate and pentaerythritol tetralaurylthiopropionate may be 
45 named. 

[0031 ] The use rate of such antioxidant is 0.01-5% by weight, preferably 0.02-3% by weight, to the thermoplastic resin. 
These antioxidants can be used either singly or in combination of more than one. 

[0032] Ultraviolet absorbing agents may be benzotriazole-. benzophenone- or salicylate-type. Specific examples of 
benzotriazole ultraviolet absorbers include 2-(2'-hydroxy-5'-methylphenyl)benzotriazole, 2-(2'-hydroxy-5'-tert-butylphe- 

50 nyi)benzotriazole. 2-(2'-hydroxy-3'.5-dimethylphenyl)benzotriazole. 2-(2'-methyl-4'-hydroxyphenyl)benzotriazole. 2-(2'- 
hydroxy-3'-methyl-5'-tert-butylpheny)benzotriazole. (2'-hydroxy-3\5'-di-tert-alumiphenyl)benzotriazo!e. (2'-hydroxy- 
3'.5'-di-tert-butylphenyl)benzotriazole. 2-(2'-hydroxy-3\5'-dimethylphenyl-5-methoxybenzotriazole. 2-(2'-n-octa-decy- 
loxy-3'.5*-dimethylphenyl)-5-methyibenzotriazole. 2-(2'-hydroxy-5'-methoxyphenyl)benzotriazole. 2-(2*-hydroxy-4'- 
octoxyphenyl)benzotriazole. 2-(2'-hydorxy-5'-methoxyphenyl)-5-methylbenzotriazole. 2-(2'-hydroxy5'-methoxyphenyl)- 

55 5.6-dichlorobenzotriazole, 2-(2'-hydroxy-5'-tert-butylphenyl)-5-chlorobenzotriazole. 2-(2*-hydroxy-3\5'-di-tert-butylphe- 
nyl)-5-chlorobenzotriazole. 2-{2*-hydroxy-5'-phenylphenyl)-5-chlorobenzotriazole, 2-(2*-hydroxy-5'-dichlorohexylphe- 
nyl)benzotriazo!e, 2-(2'-hydroxy-4\5*-dichlorophenyl)benzotriazole. 2-(2'-hydroxy-3'.5'-di-tert-butylphenyl)-5- 
chlorobenzotriazole. 2-(2'-hydroxy-3'-tert-butyl-5'-methy!phenyl)-5-chlorobenzotriazole, 2-(2'-hydroxy-3*-methylpheny!)- 
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5-butoxycait>onyIbenzotria2oJe, 2-(2*-hydroxy-4\5*-dimethylphenyl)-5-butoxycarbonylbenzotria2ole. 2-(2'-hydrQxy)-5- 
ethoxycarbonylbenzotriazole. 2-(2*-aceloxy-5'-methyIphenyl)ben20triazole. 2-(2*-h>droxy-5'-methylphenyl)-5-elhylsul- 
fobenzotriazole. 2-(2'-hydroxy-3'.5'<iimethylphenyl)-5-ethylsulfonbenzotriazole. 2-(2'-hydrQxy-5'-phenylphenyl)benzotri- 
azole and 2-{2*-hydroxy-5'-aminophenyl)benzotrlazole. 

[0033] Specific examples of benzophenone ultraviolet absorbers include 2-hydroxy-4-methoxybenzophenone. 2- 
hydroxy-4-n-octylQxybenzophenone. 2-hydroxy-4-octoxybenzophenone. 2-hydroxy-4-n-dodecyloxyben20phenone. 2- 
hydroxy-4-n-octadecyloxyben2ophenone. 2-hydroxy-4-benzyloxybenzophenone, 2-hydroxy-4-methoxy-2*-carboxyben- 
zophenone. 2-hydroxy-4-methoxy-5-sulfobenzophenone. 2-hydroxy-5-chlorobenzophenone. 2.4-dihydroxybenzophe- 
none, 2,2'<lihydroxy-4-methQxybenzophenone. 2.2'-dihydroxy-4.4'-dimethoxybenzophenone. 2,2'-dihydraxy-4,4- 
dimethoxy-5-sutfc3benzophenone and 2.2,4.4*-tetrahydro)cybenzQphenone. 

[0034] Specific examples of salicylate ultraviolet absorbers include phenyl salicylate, p-tert-butylphenyl salicylate, p- 
methylphenyl salicylate and p-octylphenyl salicylate. 

[0035] Besides the foregoing, triazine-type 2-(4,6-diphenyl-1 ,3,5-triazln-2-yl)-5-[(hexyl)oxy]phenol or oxalic acid anl- 
lide type 2-ethQxy-2'-ethyt-oxanc acid bisanilide may also be named. 

[0036] The use rate of such ultraviolet absorbers is 0.01-3% by weight, preferably 0.05-2% by weight, to the thermo- 
plastic resin. The absorbers can be used either singly or in combination of two ro more. 

[0037] As plasticizers. those routinely used for plastictzing polyvinyl chloride or olef in-vinyl alcohol copolymers can be 
used. For example, low molecular weight polyhydric alcohols, phthalic acid esters, phosphoric add esters, aliphatic- 
basic acid esters, epoxy compounds and paraffins can be used. 

[0038] Specific examples of the low molecular weight polyhydric alcohols include glycerine, ethylene glycol, trielhyl- 
ene glycol and sorbitol. 

[0039] Specific examples of phthalic acid ester plasticizers include dimethyl phthalate. dibutyl phthalate. dioctyl phtha- 
late. diisodecyl phthalate. heptyl phthalate. di-2-ethylhexyl phthalate. butylbenzyl phthalate. butytlauryl phthalate and 
methyloleyl phthalate. 

[0040] Specific examples of phosphoric add ester plasticizers include tricresyl phosphate, trixylenyl phosphate, dix- 
ylenyl monocresyl phosphate, monoxylenyl aesyl phosphate, tributyl phosphate, triphenyl phosphate and tri-2-ethyl- 
hexyt phosphate. 

[0041] Specific examples of aliphatic-basic add ester plastidzers indude butyl oleate. glycerine monooleate. butyl 
stearate. diisodecyl adipate. dibutyl adipate. dioctyl adipate. isodecyl adipate. dioctyl azelate. di-2-ethylhexyl adipate 
and methyl acetyl ridnoleate. 

[0042] Specific examples of the epoxy conpounds are similar to those exemplified as epoxy heat stabilizers later. 
[0043] Specific examples of paraffinic plasticizers indude chlorinated paraffins, butylchlorinated paraffins and liquid 
paraffin. 

[0044] Use rate of such plastidzers as above ranges 1 -70% by weight, preferably 2-60% by weight, to the thermo- 
plastic resin. They can be used either singly or in combination of two or more. 

[0045] As useful antistatic agents, nonionic or catlonic surfactants may be named. Specific examples indude polyeth- 
ylene oxide, carbowax. pentaerytiiritol monostearate. sorbitol monopalmitate. polyoxyethylene alkylamine. polyglycol 
ether and sodium p-styrenesulfbnate. 

[0046] Such antistatic agents are added in an amount of 0.01 -5% by weight, preferably 0.02-3% by weight to the ther- 
moplastic resin. They can be used either singly or in combination of two or more. 

[0047] As useful lubricants, aliphatic add-, aliphatic add amide- and ester-type lubricants, waxes and paraffins can 
be named. Specific examples include stearic acid, palmitic add. myristic acid, stearic add amide, palmitic acid amide, 
erucic acid amide, metfiylenebis-stearamide, ethylenebis-stearamide. butyl stearate. butyl palmitate. pdyethylene wax 
and I'quid paraffin. 

[0048] Use rate of such lubricants ranges 0.01-8% by weight, preferably 0.05-3% by weight, to the thermoplastic 
resin. They can be used either singly or in combination of two or more. 

[0049] As heat stabilizers, inorganic, organic acid metal salt-, organic acid complex metal salt-, organo-tin-, epoxy 
compound-, polyol-. sulfur-, organic antimony-, phosphite- and p-diketone-type or nitrogen-containing heat stabilizers 
can be used. 

[0050] Specific examples of inorganic heat stabilizers indude oxides, hydroxides. cart>onates, sulfates, phophates. 
phosphites and sificates of such metals as U. Na. K. Mg, Ca. Sr, Ba. Pb. Zn. Cd, Zr, Al. Sn. Sb and Bi; and salts of these 
metals with halogenated oxyacids such as perchloric acid, periodic acid, chloric acid, bromic add. iodic acid, chlorous 
acid, hypochlorous acid and brorrK)us acid. 

[0051] As organic metal salt-type heat stakxlizers. acidic, n^ral or basic salts of above-named metals with the below- 
exemplified organic adds can be named: aliphatic carboxylic acids such as 2-ethylhexonic add. lauric adds, myristic 
acid, palmitic acid, stearic acid, hydroxystearic add, Imoleic add. behenic acid, isostearic add. oleic add. ridnoleic 
acid, caproic add. heptandc acid, n- or iso-octylic acid, pelargonic add. capric acid, isodecanoic add, undecylic add. 
neotridecanoic add. acetoacetic acid and acetic add; dibasic adds such as maleic acid, neodipropionic acid and dithi- 
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opropionic acid; partially esterif led products of those dibasic acids with substituted or unsubstituted aliphatic, alicyclic 
or aromatic alcohols: and cyclic organic acids such as benzoic acid, methylbenzoic acid, butylbenzoic acid, para-t-butyl- 
benzoicacid. phenylacetic acid, salicylic acid, fumaric acid, naphthoic acid, abietic acid, phenylstearic add. hydrlnecar- 
boxylic acid, cinnamic acid, rhodinic acid and haphthenic acid. 

[0052] Specific examples of organic complex metal salt-type heat stabilizers include Ca/Zn. Ba/Cd. Ba/Zn and 
Ba/Cd/Zn salt systems of above organic acids. 

[0053] Specific examples of organotin-type heat stabilizers include mono{or di)methyl- or butyl- or octyl-tintri-(or 
di)laurate. mono(or di)methyl- or butyl- or octyl-tin maleate polymer. mono(or di)methyl-. or butyl- or octyl-tintris(or 
bis)isooct'yl maleate. mono(ordi) methyl- or butyl- or octyl-tin thioglycolate, mono(or di)methyl or butyl or octyl-tin-2-mer- 
captopropionate, mono(or di)methyl or butyl- or octyl-tintri(or di)dodecylmercaptide. mono{or di)methyl- or butyl- or 
octyl-tin sulfide, mono(or di)methyl- or butyl- or octyl-tin-thioglycolate. mono(or di)methyl- or butyl- or octyl-tin-tris(or 
bis)2-mercaptoethyl oleate, thiobis(mono-methyltin-bis-2-mercaptoethyI oleate) and thiobis{dimethyl- or butyl- or octyl- 
tin-mono-2-mercaptoethyl oleate). 

[0054] Specific examples of epoxy compound-type heat stabilizers include epoxylated soybean oil. diacetomonoglyc- 
elide thereof, epoxylated linseed oil. epoxylated linseed oil fatty acid butyl, epoxylated 1.2-polybutadiene. bisphenol-A- 
diglycidyl ether. 3.4-epoxycyclohexylmethyl, 3.4-epoxycyclohexanecarboxylate, epoxylated tallow oil. epoxylated cot- 
tonseed oil. epoxylated sunflower oil. epoxylated tall oil, epoxylated fish oil, epoxylated aceto-monoolefin. epoxylated 
stearic acid methyl-, -butyl, -isooctyl. -2-ethylhexyl, -isodecyl, -cyclohexyl. -dihydrononyl. -methyoxyethyl. -acetoxyethyl. 
-benzoyl, -tetrahydrofuryl. -phenyl or -p-tert-butylphenyl, epoxylated tall oil fatty acid-butyl, -n-octyl. -isooctyl or -2-ethyl- 
hexyl. eiDOxytriacetomonoricinoleic acid glyceride. 9. 1 0-epoxystearic acid ester of 3.4-epoxycyclohexylmethanol. 
9.10.12.13-diepoxystearic acid ester of 3. 4-epoxycyclohexyl methanol, 2-ethyl-1.3-hexanediol ester of 3.4-epoxycy- 
clohexyicarboxylic acid, dialkyi (eg., di-n-butyl, di-n-hexyl. di-2-ethylhexyl. diisooctyl. di-n-decyl. diisodecyl. di-n-butylde- 
cyl and the like) esters of epoxy hexahydrophthalic acid, 3,4-epoxy-6-methylcyclohexyl carboxylate. bis(3.4-epoxy-6- 
methylcyclohexylmethyl)adipate and condensation product of epihalohydrin and bisphenol A. 

[0055] Specific examples of polyol-type heat stabilizers include pentaerythritol. mannitol. xylitol. sortDitol. glycenne, 
trimethylolpropane, polyethylene glycol, polyvinyl alcohol. 1 .3-butanediol. propylene glycol, dipropylene glycol, ethylene 
glycol, diethylene glycol, neopentyl glycol, triethylolmethane. diglycerine. di-tri-methylolpropane. di-tri-methylol ethane, 
di-. tri- or tetra-pentaerythritol. tris(hydroxyethyl)isocyanurate; and partial esters of these polyds with such organic 
acids as aliphatic carboxylic acids, aromatic carboxylic acids, amino acids and oxyacids. Specific examples of the 
organic acids which form the partial esters include monovalent aliphatic carboxylic adds such as octylic acid, launc 
acid, myristic acid, palmitic acid, stearic add. isostearic add. hydroxystearic acid, oleic acid ind ricinoleic acid; divalent 
aliphatic carboxylic acids such as malonic acid, sucdnic acid, glutaric acid, adipic acid, pimelic add. suberic acid, 
azelaic add. sebacic acid, phthalic acid, maleic acid, fumaric add. itaconic acid, thiodipropionic add and dithiopropionic 
acid; aromatic acds such as benzoic acid, methylbenzoic acid and salicylic add; amino adds such as glydne, alanine, 
leucine, phenylalanine, methionine, aspartic add, glutamic acid and lysine; and oxy acids such as lactic acid, citnc acid, 
tartaric acid and malic acid. ^ 
[0056] Specific examples of sulfur-type heat stabilizers indude thiodipropionic acid esters such as dilaurylthiodipro- 
pionate. distearytthiodipropionate and laurylstearylthiodipropionate; triazinethiols such as 6-enllino-1,3.5-triazine-2.4- 
d'lthiol; and thiolcarboxylic anhydride such as thiollauric anhydride. 

[0057] Specific examples of organic antimony-type heat stabilizers include mono(or di)alkylantimony laurates such as 
mono(or di)methyl-. butyl- or octyl-antimony tri(or di)laurate; mono(or dl)alkyl antimony maleates such as mono(or 
di)methyl-. butyl- or octylantimony maleate polymers and mono(or di)methyl-. butyl- or octylantimony tris(or bis)isooctyl 
maleate; and mono(or di)alkylantimony mercaptides such as mono(or di)methyl-. butyl- or octyl-antimony-tris(or bis)iso- 
octylthioglycolate. mono(or di)methyl-, butyl- or octylantimony-tri(or bis)thioglycolate (or 2-mercaptopropionate), 
mono(or di)methyl-, butyl- or octyl-antimony-tri(or di)dodecylmercaptide, mono(or di)methylantimony sulfide, dioctylan- 
timony sulfide, didodecylantimony sulfide, mono(or di)methyl-. butyl- or octylantimony-tris(or bis)-2-mercaptoethyl 
oleate. thiobis[monomethylantimony-bis(2-mercaptoethyl oleate)] and thiobis[dimethyl-. butyl- or octyl-antimony-bis(2- 
mercaptoethyl oleate)]. 

[0058] As phosphite-type heat stabilizers, those exemplified as phosphorus antioxidants can be similarly used. 
[0059] Specific examples of p-diketone heat stabilizers include ethyl acetoacetate, dehydroacetic acid, acetylacetone. 
benzoylacetone. benzoylpropionyl methane, dibenzoyi methane, stearoylbenzoylmetharie. trHluoroacetylacetone. dehy- 
dropropionylacetic acid, dehydrobenzoyl acetic acid, cyclohexane-1 .3-dione, dimethone. 2.2-methylenecydohexan-1 .3- 
dione. 2-benzylcyclohexan-1. 3-dione, acetyltetralone. palmitoyltetralone. stearoyitetralone. benzoyltatralone. 2-acetyl- 
cydohexanone, 2-benzoylcydohexanone. 2-acetylcydohexan-1.3<lione, benzoyl-p-chlorobenzoylmethane. bis(4- 
methylbenzoyl)methane. bis(2-hydroxybenzyd)methane. benzoylacetyl methane, tribenzoylmethane. diacetylbenzoyl- 
methane. palmitoylbenzoylmethane, lauroylbenzoylmethane. 4-methoxybenzoylbenzoylmethane. bis(4-methoxyben- 
zoyOmethane, bis(4-chlorobenzoyl)methane. bis(3,4-methylenedioxybenzoyl)methane, benzoyiacetyloctylmethane. 
benzoylacetylphenylmethane. stearoyl-4-methoxybenzoylmethane. bis(4-tert-butylbenzoyl)methane. benzoy- 
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lacetylethylmethane. benzoyltrifluoroacetylmethane. diacetylmethane, butanpylacetylmethane. heptanoylacetylmeth- 
ane, triacetylmethane. distearoylmethane. stearoylacetytmethane. palmitoylacetylmethane, lauroylacetylmethane. 
benzoyiformylmethane. acetylfbrmylmethane, benzoylphenylacetylmethane. bis(cyclohexanoyl)methane and dipival- 
oylmethane; and metal salts of these compounds with such metals as Li. Na. Mg. Ca. Ba, Sr, Zn. Al. Zr and Sn. 
5 [0060] Specific example of nitrogen-containing heat stabilizers include diphenylthiourea; p-aminocrotonic acid esters 
of such alcohols as stearyl alcohol, cetyl alcohol, 1 ,3-butanediol and thiodiethylene glycol; and 2-phenylindole and dihy- 
dro-1.4<limethyl-2,6-dicarboxyl-oxy-3,5-pyridine. 

[0061] Use rate of those heat stabilizers ranges 0.01 -10% by weight, preferably 0,05-5% by weight, to the thermo- 
plastic resin. They can be used either singly or in combination of two or more. 
10 [0062] Flourescent agents may also be added to the agricultural film of the present invention. 

[0063] As the fluorescent agents, those of violanthrone, isoviolanthrone, perylene, thioxanthene. coumarin, anthraqui- 
none. benzopyran, naphthalimide, or naphthalic acid, benzopiperidine, pyrazine, cyanopyrazine. stilbene, diamin- 
odiphenyl. imidazole, imidazolone, triazole. thiazole. oxazole, cartx)styril. pyrazoline and dihydropyridine compounds 
can be named. 

15 [0064] Use rate of such flourescent agents ranges 0.001 -10% by weight, preferably 0.01 -5% by weight, to the ther- 
moplastic resin. They can be used either singly or in combination of two or more. 

[0065] Finally, as examples of other infrared absorbing agents, silica and silicate; hydroxide, oxide, aluminate. borate 
and suffete of lithium, calcium, magnesium arxJ aluminium; and ordinary hydrotalicite compounds may be named. They 
can be used either singly or in combination of two or more. 

20 [0066] The heat insulators according to the present invention are synthetic chalcoalumite compounds having an aver- 
age secondary particle diameter of not more than about 3 ^m and a BET specific surface area of not more than about 
30 m 2/g and/or their surface treated products, which are if necessary used concurrently with those various additives to 
be added to the thermoplastic resin. For example, per 100 parts by weight of the thermoplastic resin, 1-30 parts by 
weight of a synthetic chalcoalumite compound of the invention having an average secondary particle diameter of not 

25 more than about 3 iivn and a BET specific surface area of not more than about 30 m^/g as a heat insulator is added, 
either by itself or as the total sum with other heat insulator. Furthermore. 0.01 -5 parts by weight of photostabilizer and 
antihazing agent per 1 00 parts by weight of the resin and optionally other additives also are blended. When the use rate 
of the heat insulator or insulators is less than one part by weight, sufficient heat insulating effect cannot be exhibited. 
Whereas, when it exceeds 30 parts by weight, visible light transmission and mechanical strength of the agricultural film 

30 are objectionably impaired. 

[0067] The synthetic chalcoalumite compounds of the present invention can be removed of their water of crystalliza- 
tion (mH 2O) partially or totally, by a heat treatment at 150-280*C for 0.5-20 hours. So treated chalcoalumite can be 
used, if desired, to avoid such problems as foaming of the resin composition. 

[0068] Kneading of the chalcoalumite compound of the present invention intp thermoplastic resin can be effected by 
35 any of conventionally practiced methods. For example, the resin and heat insulator are mixed with a Henschel mixer, 
super mixer, ribbon blender and the like, and then melted and kneaded in a Bumbury's mixer, kneading extruder, pres- 
sure kneader or the like. The kneaded product then can be formed into film by conventional mokiing methodes such as, 
for example, inflation molding or extrusion T-die film-forming method. 

[0069] The agricultural film of the present invention can be either monolayered or muttilayered. As the construction of 

40 the multllayered film, tor example, single composition-2 layers, single composition-3 layers, 2 compositions-2 layers. 2 
conrpositions-3 layers. 3 conrposltions-3 layers, 3 compositions-4 layers. 3 compositlons-5 layers. 4 compositions-4 lay- 
ers, 4 compositions-5 layers, 5 compositions-5 layers can be used. Kind of thermoplastic resin or resin blend may be 
different among individual layers. Of useful thermoplastic resins, it is desirable to select at least one resin which shows 
favorable absorption at the wavelength region of 2.5 pm - 25 pm, because of good heat insulation. Again, additives for 

45 individual layers can be suitably selected according to the intended functions thereof, to formulate the optimum blend 
for each layer. It is also possible to form an antihazing film on at least the inner surface of the agricultural film which is 
to be stretched over agricultural greenhouses or the like for the purpose of maintaining antihazing performance of the 
film over many hours, besides the earlier described m^hod of blending an antihazing agent in the film. 
[0070] Hereinafter the heat insulator and agricultural film of the present invention are explained, referring to Examples 

so and Comparative Examples. 

[0071] Those synthetic chalcoalumite conpounds in the following Examples and Comparative Examples were iden- 
tified by means of powder X-ray diffraction (XRD). Specific surface areas are given by the numerical values determined 
by BET process for the adsorbed amounts of nitrogen gas. The secondary particle diameters are the numerical values 
obtained by adcfing each powder to an organic solvent subjecting the syst«n to an ultrasonic dispersion and then 

55 measuring the particle diameters by laser diffractive scattering method, and the refractive indices were measured with 
Abbe's ref ractometer 

[0072] The films containing heat insulators in the Examples and Comparative Examples were measured of dspersi- 
bility of the heat insulators in the films, mechanical strength, heat insulation index, total light transmission and haze 
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' value (degree of haziness). The dispersibility of .a heat insulator in a film (formation of white blisters) was evaluated by 
visual observation; mechanical strength is indicated by strength and elongation values measured of dumbbell-formed 
samples punched out of the film. The heat insulation indices were calculated by a method described later, from the 
measurements of infrared absorption at individual wavelengths using infrared absorption spectrum measuring device. 
5 Also photo-transmission of each heat insulator in each film was measured with hazemeter. and the result was 
expressed as total light transmission and haze value (degree of haziness). 

[0073] The heat insulation index was calculated as follows. The black body radiation energy {EX) at each wavelength 
was determined by the equation (2) below, and the total black body radiation energy density by integrating the black 
body radiation energy levels from 400 cm'^ to 2.000-^ (ZEA-dX). Then infrared absorption of each film (containing the 
10 heat insulator) at each wavelength was measured with infrared absorption spectrum-measuring device, and by multi- 
plying the black body radiation energy {EX) at each wavelength by the infrared absorption at the same wavelength and 
integrating the products, total absorption energy density of the film was determined. The ratio of the total black body 
radiation energy density to the total absorption energy density of the film [equation (3)] is shown as the heat Insulation 
index. 

15 

EX = 27chC'^2/[A.'^5{e'^(hc/XkT)-1 )] (2) 

X: wavelength, 
h: Planck*s constant 
20 C: velocity of light in vacuum, 
k: Boltzmann's constant 
T: absolute temperature 



Heat insulation index = (total absorption energy density/total black body radiation energy density) x 100 (3) 

[0074] A higher heat insulation index as calculated from the above equation signifies greater infrared absorbability, 
i.e.. higher heat insulation property. Also the closer the total light transmission to 100 as measured by hazemeter. the 
30 better the visible light transmission of the film, and the less the haze value (degree of haziness), the less the haziness 
in the f ilm. 

Brief Explanation of the Drawings 
35 [0075] 

Fig. 1 is an infrared absorption spectrum of the film obtained in Example 9, which contained the synthetic chalcoa- 
lumite compound of Example 3. 

Fig. 2 is an infrared absorption spectrum of the film obtained in Comparative Example 1 5, which contained no heat 
40 insulator. 

Example 1 

[0076] 14.52 Grams of first class grade zinc sulfate (ZnSO 4 - THgO. content 99%) and 97 ml of aqueous aluminum 
45 sulfate solution (concentration: 1 .03 mol/liter) were dissolved in deionized water and the total amount was adjusted to 
500 ml. The solution was put in a 1 -liter beaker, and into which 162 ml of 3.4N NaOH solution of first class grade was 
added at room temperature, under vigorous agitation with a mixer, followed by about 30 minutes' stirring. Thus obtained 
copreclpitate was filtered, washed with water, and suspended in 0.05 mol/liter ZnS04 solution, the total amount of the 
suspension being adjusted to 700 ml. The suspension was then transfen-ed into an autoclave of 0.98 liter in capacity 
so and subjected to a hydrothermal reaction at 150**C for 4 hours, followed by filtration under reduced pressure, aqueous 
washing and drying at 85**C for 24 hours. The dry cake was then pulverized and sieved through a 100-mesh sieve. 
[0077] The composition of the above product determined by chemical analysis was as follows. 

2no.99Al4(OH)i 1.94(804)1. 02 • 3-3H2O 
[0078] The product was identified to be a chalcoalumite compound by powder X-ray diffraction analysis (XRD) meas- 
55 urement and chemical analysis. Its BET specific surface area was 1 7.2 m ^/g, the average secondary particle diameter 
was 0.70 M^m and the refractive index was 1 .51 -1 .53. 
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[0079] Twenty (20) g of disodium hydrogenphosphate (Na 2HPO4 • 12H2O) of first class grade was dissolved in 
deionized water, and the total volume of the solution was adjusted to 600 ml. The solution was put in a 1 -liter beaker 
5 and maintained at a temperature of 35**C. While stin-ing the solution with homogenizer, 23 g of the synthetic chalcoaiu- 
mite compound obtained by the process same as Example 1 was added thereto and was reacted at 35**C for 30 min- 
utes. The product then was filtered, washed with water and dried at 85"C for 24 hours. The dry product was pulverized 
and sieved with a 1 0O-mesh sieve. 

[0080] The composition of the product determined by chemical analysis was as follows. 

10 Zno.99Al4(OH)i2.08 (S04)o.65(HP04)o.30 * 2.6H2O 

[0081] The product was identified to be a chalcoalumite compound by powder X-ray diffraction (XRD) measurement 
and chemical analysis. Its BET specific surface area was 1 8.5 m ^/g, average secondary particle diameter was 0.51 |iim 
and refractive index was 1 .51 -1 .53. 

15 Example 3 

[0082] A synthetic chalcoalumite compound suspension which was obtained through the operations similar to Exam- 
ple 1 and undenwent the hydrothermal reaction was filtered, washed with water and then with 400 ml of Na2C03 solution 
of 0.1 mol/liter concentration, followed by another aqueous washing. Then the washed cake and deionized water were 

20 put in a 1 -liter vessel, thoroughly dispersed with an agitator to form a suspension, and heated to 80*0. Separately, 0.97 
g of sodium stearate (content 86%) and 1 50 ml of deionized water were put in a 200-ml beaker, and the sodium stearate 
was dissolved under heating to about 80**C. The solution was poured into the suspension under stirring and kept at 
SO^'C for 30 minutes. Thereafter the system was filtered under reduced pressure, washed with water and dried at 85**C 
for 24 hours. The dry product was pulverized and sieved with a 100-mesh sieve. 

25 [0083] The composition of the product determined by chemical analysts was as follows. 

Zno.95Ai4(OH)i2.o8(S04)o.89 • 3.2H2O 
[0084] The product was identified to be a chalcoalumite compound by powder X-ray diffraction (XRD) measurement 
and chemical analysis. Its BET specific surface area was 1 3. 1 m ^/g. average secondary particle diameter was 0.74 nm 
and the refractive index was 1 .51-1 .53. 

30 

Exanrple 4 

[0085] 6.27 Grams of copper sulfate (CUSO4 • 5H2O. content 99.5%) of the special class grade, zinc sulfate (ZnS04 
• 7H2O. content 99%) of the first class grade and 97 ml of aqueous aluminum sulfate solution (concentration: 1 .03 

35 mol/liter) were dissolved in deionized water and the total amount was adjusted to 500 ml. The solution was put in a 1- 
liter beaker, and into which 171 ml of 3.4N NaOH solution of the first class grade was poured at room temperature, 
under vigorous agitation with a homo nnixer, followed by about 30 minutes' stirring. Thus obtained coprecipitate was fil- 
tered, washed with water, and suspended in a mixture of 0.025 mol/liter ZnS04 solution and 0.025 mol/liter CUSO4 solu- 
tion, the total amount of the suspension being adjusted to 700 ml. The suspension was then transferred into an 

40 autoclave of 0.98 liter in capacity and subjected to a hydrothermal reaction at 140**C for 4 hours, followed by filtration 
and aqueous washing. The filter cake was further washed with 400 ml of 0. 1 mol/liter Na2C03 solution, then with water 
once again, and put in a 1 -liter vessel together with deionized water, followed by thorough dispersion with an agitator. 
The resultant suspension was heated to 80*C. Separately. 2.00 g of sodium stearate (content 86%) and 150 ml of 
deionized water were put in a 200-ml beaker and the sodium stearate was dissolved under heating at about 80*'C. This 

45 solution was poured into the suspension under stirring and maintained at 80**C for 30 minutes, followed by filtration 
under reduced pressure, aqueous washing and drying at 85**C for 24 hours. The dry cake was then pulverized and 
sieved through a 1 00-mesh sieve. 

[0086] The composition of the above product determined by chemical analysis was as follows. 

(2no.45 Cuo.42)Al4(OH)ii.94(S04)o.90 • 3.2H2O 
so [0087] The product was identified to be a chalcoalumite compound by powder X-ray diffraction analysis (XRD) meas- 
urement and chemical analysis. Its BET specific surface area was 12.1m ^/g. the average secondary partide diameter 
was 0.87 ixm and the refractive index was 1 .51-1 .53. 

examples 

55 

[0088] 7.26 Grams of the first dass grade zinc sulfate (ZnSO 4 • 7H2O. content 99%) . 6.0 g of the special class grade 
nickel chloride (NiCl2 • 6H2O, content 99%) and 97 ml of aqueous aluminum sulfate solution (concentration: 0.3 
mol/liter) were dissolved in deionized water and the total amount was adjusted to 500 ml. The solution was put in a 1 - 
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liter beaker, and into which 171 ml of 3.4N NaOH solution of first class grade was added at room temperature, under 
vigorous agitation with an agitator, followed by about 30 minutes' stirring. Thus obtained coprecipitate was filtered, 
washed wrth water, and suspended in a mixture of 0.025 mol/liter zinc sulfate and 0.025 mol/liter nickel sulfate solutions 
the total amount of the suspension being adjusted to 700 ml. The suspension was then transferred into an autoclave of 

5 0.98 liter in capacity and subjected to a hydrothermal reaction at 140^*0 for 4 hours, followed by filtration and aqueous 
washing. The filter cake was further washed with 400 ml of 0.1 mol/liter Na2C03 solution, then with water again and put 
in a 1 -liter vessel together with deionized water, followed by thorough dispersion with an agitator. The resultant suspen- 
sion was heated to 80°C. Separately. 1 .90 g of sodium stearate (content 86%) and 1 50 ml of deionized water were put 
in a 200-ml beaker and the sodium stearate was dissolved under heating to about 80**C. This solution was poured into 

w the suspension under stirring and maintained at SO^'C for 30 minutes, followed by filtration under reduced pressure, 
aqueous washing and drying at 85*C for 24 hours. The dry cake was then pulverized and sieved through a 100-mesh 
sieve. 

[0089] The composition of the above product determined by chemical analysis was as follows. 
(Zno.47Nio.43)AU(OH)i 1.98(804)0.91 • 2.9H2O 
75 [0090] The product was identified to be a chalcoalumite compound by powder X-ray diffraction analysis (XRD) meas- 
urement and chemical analysis. Its BET specific surface area was 25 m ^/g, the average secondary partrcle diameter 
was 1 .8 lam and the refractive index was 1 .51 -1 .53. 

Example 6 

20 

[0091 ] 1 2.55 Grams of the special class grade copper sulfate (CUSO4 • 5H2O, content 99.5%) and 97 ml of aqueous 
aluminium sulfate solution (concentration: 1.03 mol/liter) were dissolved in deionized water and the total amount was 
adjusted to 500 ml. The solution was put in a 1 -liter beaker, and Into which 166 ml of 3.4N NaOH solution of the first 
class grade was added at room temperature, under vigorous agitation with an agitator, followed by about 30 minutes* 

25 stirring. Thus obtained coprecipitate was filtered, washed with water, and suspended in 0.05 mol/liter CuSO 4 solution, 
the total amount of the suspension being adjusted to 700 ml. The suspension was then transferred into an autoclave of 
0.98 liter in capacity and subjected to a hydrothermal reaction at 140*^0 for 4 hours, followed by filtration and aqueous 
washing. The filter cake was further washed with 400 ml of 0.1 mol/Ilter Na 2CO3 solution, then with water again and 
put in a 1 -liter vessel together with deionized water, followed by thorough dispersion with an agitator. The resultant sus- 

30 pension was heated to 80**C. Separately 1 .80 g of sodium stearate (content 86%) and 150 ml of deionized water were 
put In a 200-ml beaker and the sodium stearate was dissolved under heating to about 80°C. This solution was poured 
Into the suspension under stirring and maintained at 80**C for 30 minutes, followed by filtration under reduced pressure, 
aqueous washing and drying at 85**C for 24 hours. The dry cake was then pulverized and sieved through a 100-mesh 
sieve. 

35 [0092] The composition of the above product determined by chemical analysis was as follows. 
Cui.oiAl4(OH)i2.4o(S04)o.80 • 3.IH2O 
[0093] The product was identified to be a chalcoalumite compound by powder X-ray diffraction analysis (XRD) meas- 
urement and chemical analysis. Its BET specific surface «rea was 18 m ^/g, the average secondary particle diameter 
was 0.77 ^m and the refractive Index was 1 .51 -1 .53. 

40 

Comparative Example 1 

[0094] The coprecipitate obtained through the reaction identical with that In Example 1 was subjected to a hydrother- 
mal reaction as it was. The conditions of the hydrothermal reaction and subsequent operations were same to those of 
45 Example 1. 

[0095] The composition of the product determined by chemical analysis was as follows. 

Zno.98Al4(OH)i 1.32(804)1 .02 • 3.5H2O 
[0096] The product was identified to be a chalcoalumite compound by powder X-ray diffraction analysis (XRD) meas- 
urement and chemical analysis. Its BET specific surface area was 32 m ^/g, the average secondary particle diameter 
so was 4.2 ^m and the refractive Index was 1 .51 -1 .53. 

Comparative Example 2 

[0097] The coprecipitate obtained through the reaction identical with that in Example 1 was filtered, washed with 
55 water, then suspended in water and subjected to a hydrothermal reaction. The conditions of the hydrothermal reaction 
and subsequent operations were same to those of Example 1 . 

[0098] The composition of the above product determined by chemical analysis was as follows. 
2no.73Al4{OH)ii.72(S04)o.87 • 2.7H2O 
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[0099] The product was identified to be a chalcoalumite compound by powder X-ray diffraction analysis (XRD) meas- 
urement and chemical analysis. Its BET specific surface area was 35 m ^/g, the average secondary particle,diameter 
was 5.4 pxr\ and the refractive index was 1 .51 -1 .53. 

5 Comparative Example 3 

[0100] The coprecipitate obtained through the reaction identical with that in Example 1 was filtered, washed with 
water, suspended in aqueous zinc nitrate solution (concentration: 0.05 mol/liter) and was subjected to a hydrothermal 
reaction. The conditions of the hydrothermal reaction and subsequent operations were same to those of Example 1. 
10 [0101] The conposition of the product determined by chemical analysis was as follows. 

Zno.92Al4(OH)ii.4o(S04)o.95 • 3.2H20 
[01 02] The product was identified to be a chalcoalumite compound by powder X-ray diffraction analysis (XRD) meas- 
urement and chemical analysis. Its BET specif ic surface area was 31 m ^/g. the average secondary particle diameter 
was 3.6 and the refractive index was 1 .51 -1 .53. 

75 

Comparative Example 4 

[0103] The synthetic chalcoalumite compound suspension after the hydrothermal reaction, which had been obtained 
through same procedures to those of Comparative Example 1 was filtered, washed with water and then with 400 ml of 

20 aqueous Na2C03 solution (concentration: 0.1 mol/liter), followed by another aqueous washing. The washed cake was 
put in a 1 -liter beaker together with deionized water and thoroughly dispersed with an agitator The resultant suspension 
was heated to SO^'C. Separately, 2,88 g of sodium stearate (content 86%) and 150 ml of deionized water were put in a 
200-ml beaker and the sodium stearate was dissolved under heating to about 80**C. This solution was poured into the 
suspension under stirring and maintained at 80*'C for 30 minutes, followed by filtration under reduced pressure, aque- 

25 ous washing and drying at 85^C for 24 hours. The dry cake was then pulverized and sieved through a 1 00-mesh sieve. 
[01 04] The composition of the above product determined by chemical analysis was as follows. 

Zno.73Al4(OH)ii.86(S04)o.80 • 2.5H2O 
[01 05] The product was Identified to be a chalcoalumite compound by powder X-ray diffraction analysis (XRD) meas- 
urement and chemical analysis. Its BET specific surface area was 31 m ^/g. the average secondary particle diameter 
30 was 5.1 M^m and the refractive index was 1 .51 -1 .53. 

Comparative Example 5 

[0106] The coprecipitate obtained through the reaction identical with that in Example 4 was subjected to a hydrother- 
35 mal reaction as it was. The conditions of the hydrothermal reaction and subsequent operations were same to those of 
Example 4, except that 2.9 g of sodium stearate was used. 

[01 07] The chemical composition of the product determined by chemical analysis was as follows. 

(Zno.4oCuo 4i)Al4{OH)ii,82(S04)o.90 • 3.IH2O 
[01 08] The product was identified to be a chalcoalumite compound by powder X-ray diffraction analysis (XRD) meas- 
40 urement and chemical analysis. Its BET specific surface area was 31 m ^/g. the average secondary partide diameter 
was 5.3 M^m and the refractive Index was 1 .51-1 .53. 

Comparative Example 6 

45 [0109] The coprecipitate obtained through the reaction identical with that in Example 5 was subjected to a hydrother- 
mal reaction as it was. The conditions of the hydrothermal reactfon and subsequent operations were same to those of 
Example 4, except that 2.9 g of sodium stearate was used. 

[0110] The composition of the above product determined by chemical analysis was as follows. 
(2no.46Nio.42)Al4(OH)ii.98(S04)o.9o • 2.8H2O 
so [01 11 ] The product was identif ied to be a chalcoalumite compound by powder X-ray diffraction analysis (XRD) meas- 
urement and chemical analysis. Hs BET specific surface area was 35 m ^/g, the average secondary particle diameter 
was 5.0 ^m and the refractive index was 1 .51 -1 .53. 

Comparative Example 7 

55 

[01 1 2] The coprecipitate obtained ttirough the reaction identical with tiiat in Example 6 was subjected to a hydrotiier- 
mal reaction as it was. The conditions of the hydrothermal reaction and subsequent operations were same to those of 
Example 4, except that 2.9 g of sodium stearate was used. 
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[0113] The composition of the above product determined by chemical analysis was as follows. 

CUo.98)Al4{OH)i2.36(S04)o.80 * Z.QHaO 

[01 14] The product was identified to be a chalcoalumite compound by powder X-ray diffraction analysis (XRD) meas- 
urement and chemical analysis. Its BET specific surface area was 32 m ^/g. the average secondary particle diameter 
5 was 3.9 ^m and the refractive index was 1 .51 -1 .53. 

[Effect exhibited by the agricultural film] 

[01 1 5] EVA (product of Nippon Unicar Co..: VA content: 1 5%) was blended with below-identified components to form 
10 an EVA-based resin composition. The EVA-based resin composition was kneaded with the heat insulators produced In 
the foregoing Examples and Comparative Exanples with a monoaxial kneader and extruded through a T-die extruder 
to 100 ^m-thick films. First, dispersibility of each of the heat insulators in the film (formation of white blisters) was eval- 
uated by visual observation. Then dumbbell-formed samples were punched out of the films, which were measured of 
mechanical strength, and their total light transmission and haze value (degree of haziness) were measured with hazem- 
75 eter. Also the films' Infrared absorbing ability was measured for calculating the heat Insulation index. 



20 


(EVA-based resin composition) 


Ethylene vinyl acetate copolymer (vinyl acetate content: 15%. 3758: Nippon Unicar Co.) 


100 wt parts 




Hindered amine photostabilizer (CHIASSORB 770: Ciba Geigy) 


0.2 wt part 




Ultraviolet absort)er (TINUVIN 320: Ciba Geigy) 


0.1 wtpart 


25 


Antioxidant (IRGANOX 1076: Ciba Geity) 


0.1 wtpart 




Antihazing agent 






monoglycerine monostearate 


1.5 wtpart 


30 


diglycerine distearate 


0.5 wt part 


Lubricant (stearic add amide) 


0.1 wtpart 




Antifogging agent (DS-40: Daikin Kogyo) 


0.1 wtpart 



35 Example 7 

[0116] To the EVA-based resin connposition. 5% by weight of the powder produced in Example 1 was blended and 
shaped into a film. 

40 Example 8 

[01 17] To the EVA-based resin composition. 5% by weight of the powder produced in Example 2 was blended and 
shaped into a film. 

45 Example 9 

[0118] To the EVA-based resin composition. 5% by weight of the powder produced in Example 3 was blended and 
shaped into a film. 

so Example 10 

[01 1 9] To the EVA-based resin composition. 5% by weight of the powder produced in Example 4 was blended and 
shaped into a film. 

55 Example 11 

[0120] To the EVA-based resin composition. 5% by weight of the powder produced in Exanrple 5 was blended and 
shaped into a film. 
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Example 12 

[0121] To the EVA-based resin composition. 5% by weight of the powder produced in Example 6 was blended and 
shaped into a film. 

5 

Exa m p le 1 3 

[01 22] To EVA-based resin composition, 5% by weight of the powder produced in Example 3. wNch was further fired 
at 200*C for 3 hours and mol ratio of interlayer water was made 0.02 was blended and shaped into a film. 

10 

Comparative Example 8 

[0123] To the EVA-based resin composition, 5% by weight of the powder produced in Comparative Example 1 was 
blended and shaped into a film. 

15 

Comparative Example 9 

[0124] To the EVA-based resin composition, 5% by weight of the powder produced in Comparative Example 2 was 
blended and shaped into a film. 

20 

Oamparative Example 10 

iUi2Sl To the EVA-based resin composition. 5% by weight of tiie powwder produced in Comparative Example 3 was 
blended and shaped into a film. 

25 

Comparative Example 1 1 

[0126] To the EVA-based resin composition, 5% by weight of tiie powder produced in Comparative Example 4 was 
blended and shaped into a film. 

30 

Comparative Example 12 

[0127] To the EVA-based resin composition. 5% by weight of the powder produced in Comparative Example 5 was 
blended and shaped into a film. 

35 

Comparative Example 13 

[0128] To the EVA-based resin composition, 5% by weight of the powder produced in Comparative Example 6 was 
blended and shaped into a film. 

40 

Comparative Example 14 

[0129] To the EVA-based resin composition. 5% by weight of the powder produced in Conrparative Example 7 was 
blended and shaped into a film. 

45 

Comparative Example 15 

[0130] A film was prepared from the EVA-based resin composition without adding any heat insulator. 
[0131] Results of es/aluation of the films prepared in Examples 7-13 and Comparative Examples 8-15 are shown in 
so Table 2. 



55 
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[0132] Metallocene PE (Nippon Polychem) was used in the follcjwing Wend which served as the metallocene PE- 
based resin composition. The composition was blended with each heat insulators which were prepared in the foregoing 
Examples or Comparative Examples, kneaded with 1 40*^0 open roll and shaped into 1 00 lun-thick film with 1 80**C elec- 
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trie hot-pressing machine. The films were given the evaluations similar to those given to EVA-based films. 



[Metallocene PE-based resin oompositton] 


Metallocene PE (KF-270: Nippon Polychem Co.) 
Hindered amine photostabilizer (TINUVIN 622: Ciba Geigy) 
Ultraviolet absorber (TINUVIN 320: Ciba Geigy) 


100 wt parts 
0.2 wt part 
0.1 wt part 


Antioxidant 




(IRGANOX 1010: Ciba Geigy) 
(IRGAFOS 168: Ciba Geigy) 


0.1 wt part 
. 0.1 wt part 


Antihazing agent 




monoglycerine monostearate 
diglycerine distearate 
Lubricant stearic acid amide 

Antifogging agent (KF-345. Shin-etsu Chemical Co.) 


1.5 wt part 
0.5 wt part 
0.1 wt part 
0.1 wt part 



Example 14 

25 

[0133] To the metallocene PE-based resin composition. 10% by weight of the powder produced in Example 3 was 
blended and shaped into a film. 

Example 15 

30 

[01341 To the metallocene PE-based resin composition, 10% by weight of the powder produced in Example 4 was 
blended and shaped into a film. 

Exarnple 16 

35 

[0135] To the metallocene PE-based resin composition, 10% by weight of the powder produced in Example 6 was 
blended and shaped into a film. 

Comparative Example 16 

40 

[0136] To the metallocene PE43ased resin conrposition, 10% by weight of the powder produced in Conparative 
Example 4 was blended and shaped into a film. 

Comparative Example 17 

45 

[0137] To the metallocene PE-based resin conrposition, 10% by weight of the powder produced in Comparative 
Example 5 was blended and shaped into a film. 

Comparative Example 18 

so 

[01 38] A film was prepared from the metallocene PE-based resin composition without adding any heat insulator. 
[01 39] Results of evaluation of the films prepared in Exanrples 14-16 and Comparative Exanrples 16-18 are shown in 
Table 3. 
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[0140] According to the results indicated in those Tables, when synthetic chalcoalumite compounds whose average 
secondary particle diameter was more than alDout 3 \x and BET specific surface area was more than about 30 m ^/g 
were used as in Comparative Examples, they exhibited poor dispersibility in the films and caused formation of white 
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blisters. The films had reduced mechanical strength and elongation, heat insulation property and visible light transmis- 
sion (total light transmission and haze). By contrast, when those synthetic chalcoalumite compound having an average 
secondary particle diameter of not more than about 3 jim and a BET specific surface area not more than about 30 m 
2/g. and/or surface-treated products of such chalcoalumite compounds were used as in Examples of the present inven- 
5 tion, no white blister was formed in the films, and thus films excelling in mechanical strength, elongation, heat insulation 
property and visible light transmission were obtained. 

[0141] Infrared absorption charts of the EVA film (Example 9) containing a synthetic chalcoalumite compound of the 
present invention and that (Comparative Example 15) containing no heat insulator are shown in Fig. 1 and Fig. 2. 
respectively. The charts demonstrate that the EVA film containing the synthetic chalcoalumite compound (Example 9) 
10 showed inaeased infrared absorbing ability over a broad range. In particular, within the wavelength region of 400-1 200 
cm the film showed low transmission and hence it can be understood that it had been given an increased Infrared 
absorption ability within said wavelength region and in consequence an improved heat insulation property. 

(Effect of the invention] 

15 

[0142] By the use of a synthetic chalcoalumite compound having an average secondary particle diameter of not more 
than about 3 jim and a BET specific surface area of not more than about 30 m ^/g and/or its surface-treated product of 
the present invention as a heat insulator in agricultural film, agricultural film in which disperslbility of the heat insulator 
is excellent, and which exhibits very favorable mechanical properties and ultraviolet and visible light transmission and 
20 excellent infrared absorption over the broad infrared region from about 2.5 to 25 ^im can be provided. Furthermore, by 
concurrent use of various additives, agricultural film excelling in weatherability, anti-hazing property, anti-fogging prop- 
erty, dust resistance, water repellence. toughness, agricultural chemical resistance, acid precipitation, heat resistance, 
antibacterial property, antimold property, spreading processability and prevention of resin degradation caused by the 
various additives, and furthermore excelling in durability of those favorable properties can be provided. 

25 

Claims 

1 . A synthetic chalcoalumite compound represented by formula (1 ) below: 
30 (Mi2^)a-x(M22^)xAP%(OH)b(A"-)c • mHoO • (1) 

(in which M^^^ stands for Zn^* or Cu^"^, 

Ms^* is at least one divalent metal ion selected from Ni^^, 00^+. Cu^*. Zn^* and Mg^*. 
a is 0.3 < a < 2.0 (with the proviso that and Ma are not same). 
35 X is 0 ^ X < 1 .0. 

bis10<b<14. 

A"- is at least one ion selected from SO42 . HFO^^', COz^\ SOg^-. HPOa^'. NO3'. H2PO4 . Cr. OH" and silicic 
ion, 

c is 0.4 < c < 2.0 and 
40 m is 0-4), 

which has an average secondary particle diameter of not more than about 3 fim and a BET specific surface area 
of not more than about 30 m^/g. 

45 2. A process for preparing a synthetic chalcoalumite compound as described in Claim 1 . which process comprising 
the steps of coprecipitating a water-soluble aluminium salt; a 2n and/or Cu compound which is water-soluble in the 
pH range of from about 4 to about 7; and if necessary one or more compounds of at least an element selected from 
Ni , Co and Mg which are water-soluble in the pH range of from about 4 to about 7, at a pH of from about 4 to about 
7 and at temperatures ranging from about 1 0° to 50**C. filtering the copredpitate and washing it with water; and then 

so subjecting the washed product to hydrothermal reaction in an aqueous solution of sulfuric acid salt of at least one 
element selected from Zn. Cu, Ni and Co at a concentration of at least 0.02 mol/liter. at temperatures ranging from 
about 80 to 170*»C. 

3. A heat insulating agent which is the synthetic chalcoalumite connpound as described in Claim 1 . characterized in 
55 that it is surface-treated with at least one member of the group consisting of higher fatty acids; anionic surfactants; 
phosphoric acid esters; silane-, titanate- and aluminum-containing coupling agents; and fatly acid esters of polyhy- 
dric alcohols. 
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4- A resin composition which comprises, per 100 parts by weight of a thermoplastic resin. 1 -30 parts by weight of a 
synthetic chalcoalumite compound as described in Claim 1 or a heat insulating agent as described in Claim 3. 

5. An agricultural film characterized in that a resin conposition containing, per 100 parts by weight of thermoplastic 
5 resin. 1-30 parts by weight of a synthetic chalcoalumite compound as described in Claim 1 or a heat insulating 

agent as described in Claim 3. is made into a film structure. 
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FIG. 1 
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FIG. 2 

Comparative Example 15 
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(57) Novel, fine particulate synthetic chalcoalumite, 
process for preparation thereof, and a heat insulating 
agent and agricultural film containing said fine, particu- 
late synthetic chalcoalumite. 

The above objects are met by synthetic chalcoalu- 
mite represented by formula (1) below: 



(Mi^^)a-x(M2'^)xAlf(OH)^,(A"-), 



mHgO 



(1) 



silicic ion, 

c is 0.4 < c < 2.0 and 
m is 0-4), 

which has an average secondary particle diameter of 
not more than about 3 |im and a BET specific surface 
area of not more than about 30 m^/g; resin compositions 
containing the same; and agricultural film composed of 
said resin compositions. 
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(in which M^^-*- stands for Zn2+ or Cu2+, 

Mg^^ is at least one divalent metal ion selected from 

Ni 2+, Co2+, Cu2+, Zn2+ and Mg2+, 

a is 0.3 < a < 2.0 (with the proviso that and 

are not the same), 

X is 0 ^ X < 1 .0, 

bis10<b<14, 

A"" is at least one selected from SO42-, HP042-, 
COgS-, SO32-, HP032-, N03% H2PO4 , CI-. OH- and 
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